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  Tail links
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number of receivers per group
p=0.25
p=0.05
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Multicast source


















 %  ^rv5t 







































































































     
$#   
   N!1    
 
ﬂc!1    ﬂ








% I ' I   "  *
	 L) ' ﬁ S * Q  S% LSﬁ
L$µeÀIµeWp§¨gX [&^%vsSR£°^{ud]`SevsSdg£ﬁk`jh´¸vsW ¡j^rQTSR£ﬁk`jh´%dhMP^dNtbS\^`[¬£±dhMMs{M¤qBSRj] ¡k`jhQT^`vPuSm^{udh{S





^ ;    "ﬁ " ;ﬁv^@tbS\tsu\^d]SŁt¤dhMsjhS\^`t5¬BS ¡k{j]S§ ¡k`jh£N^rjtbvP'd\®/¨©vLµ§Àªµep§¨gX%«P^@[¢S\j]¸uSW[
^{µ1µ*uR^{[][ﬁuk{v{d^rvsvs'^QTvsQT^`,v~_PQ'BSRjNkr ³ ¡k{j]Q^d]d]SŁt¤QTSdhMskbts[R®1n¬^{uMF[]SRjh¸uRSm[ﬁvsMsS\j]d]SŁt
 ¡jhk`Q ^{SRvsS\j]umuR^{[][?u\^rSŁt¤[]QTqsf "   4;   ®/LNMs[¬[ﬁtbk`vsS§vck`jtbSRj/dhk[]QTqs ¡fdhMsS§tsS\[]{v
k` ¿ ¡_bdh_sjhS[¢S\j]¸uS\[N^`vPtS\[]q5SŁu^rfdhk^rk£ d]MsSL$µe3dhkTtsk£vsk~^`tFtbf¸vP^rQTuR^rf¤vsSR£"u^`[h[]S\[\®
¨©v SŁ^`uM·qP^{u´`Sd£&S 5vPt ^=^rBSRW¡k`j@^dh^`~%^{[^rv8tbS\v~d] PSRj' ¡k`jdhMsS¤^`[¢dL$µe uRj]k~[][]S\t¸f





























































% # ,) S ﬁ   %  ﬁ ,	 B ﬁ0  ﬁ!N')Pﬁ'+
¾§fbXmµeÀ _P[]S\[$dhMsSµemn¬i ¡k{j]Q^rd ¡k{jdhMsSNqP^`u´{Sd[£MPuM[$dhMsSNk`vsSﬁMP^rv5tbSŁt'¸fL$µeÀªµ§Wp§¨gX%®`¨©v
dhMsSµemn¬i2MPS\^`tsSRj^rqsqBS\^`jh[¬d]MPSWQ_sd]uR^`[¢d^rvPt¤d]MsS%[]k`_sjuSW^`tstbjhS\[h[]S\[?v^`tstbd]k`vcd]kd]MsS%[]SRjh¸uRS
tbS\v{dh 5SRjŁ®WLNMsS@krdhMsSRj PS\ts[^`j]SvP[]SRj]d]SŁt=vId]MsS@qP^;f¸k{^`tﬃ®§¾§f¸XeµeÀ [§QTqsSRQTS\v{dhS\tIk`v=dhk`qIk` 
dhMsS e¾§i qsjhkrdhkbuk`ﬃ[]vPuSdhMsS%j]S\^rP±dgfF[mvP[]_sjhS\t¸fF¾§fbXmµeÀdh[]SR g®¬¯SuR^`v[]SRS%vP`_Pj]SU;
dhMP^dNvPuk{Q@vsT¾efbXmµ§À qP^`u´{Sdh[ﬁ^rjhSe{{SRvcd]kd]MsS%L$µeÀªµ§Wp§¨gX*SabS\uR_bd]k`vFSRv¸¸jhk`vsQTS\v{dﬁ£MsuM






















   








   

1$`_sjhSTUŁ!51i/^`u´{Sdﬁ ¡k`jhQ^dm^rvPtL$µeÀªµ§Wp§¨gX"^rjuMsd]SŁud]_Pj]S{®
%&% IJ+-ﬁ D L	 ﬀ	 +0)*ﬀN 
n?a¸qBSRjhQ@S\v~dh^dhk{vP[%£ﬁSRjhS¤qBSRj] ¡k`jhQ@SŁt£±dhM8^Pj[gd'qPj]k`d]krdgf¸qBS_P[]vs^d]SŁ[gd]¥7BS\tdhMP^duRk`vP[][gd[v
^[¢SRd@k` ejhS\uS\{SRj['^`vPt8IiﬁÈ¬¥75^`[]S\t¦jhk`_bdhSRj[Fá[¢S\Scd^rsSIUF ¡k`jd]MPSuMP^`jh^{udhSRjh[¢d]uR['kr mdhMsSF_5[¢SŁt












ÀI^`uMsvsS ¨©i°^`tstsj]SŁ[][ È&i  Xmµ§À uR^{uMsS













































SRabq5S\j]QTSRv~dh[§£&S\j]Sq5S\j¢ ¡k{j]QTSŁtªvªdg£ﬁktb 9,SRjhSRv~duRk`v 5`_sj^dhk{vP[R®W¨©vªdhMsS Pj[gd%uk{v P`_Pjh^rd]k`v []SRS
5`_sjhS¤U\|~«5d]MsS@[¢k{_sjuS 	











¨©v¦dhMsSc[]S\uRk`vPt¦uRk`v P{_sj^d]k`v <1$`_sjhSªU\y~«d]MPSF[]k`_sjuS 	

=Q'_P±dhu\^`[¢dh[q5^`u´`SRdh[dhkI^ª[]Sd'k` 











































































































































































#  ﬂ³R#   # 
  ﬀ&     




























































^`vPt¦^ªQ^ra¸Q'_PQ j^dhS\[  	 ^`vPt  ﬀ ^rjhSc[]Sd@tsSRqBSRvPtbvsk`v·d]MPSF^rqPqsuR^rd]k`vﬃ®I¨©vs±dh^`fd]MsS
[]k`_PjhuRS'[gd^rj]dh[ed]k[¢S\vPtªts^rdh^cqP^`u´{Sdh[§£d]M^cjh^rd]SS\²~_P^rd]kFd]MPSQTvsQ_sQj^d]S   # ®LNMsSRvId]MsS
[]k`_PjhuRSmd]jhS\[¬d]k@vPuRj]SŁ^`[]Sedh[ﬁj^d]S§± $vskTuk`vP`S\[¢d]k`vvPtbuR^rd]k`vF[ﬁjhS\uS\{S\t£d]MPk`_bdNSasuS\S\tbvsd]MsS


















[¤^¦qBk{[]d]`S=v¸_sQ'BSRjcd]k¦BSuMsk~[¢S\v­v     
7®3¨©vPuRj]SŁ^`[]vsdhMsSªj^d]S=£d]M



































































































    K   S ﬁ! S ,	  L%  S!ﬂ  ,ﬀL% LSﬁ





















































jhSR^rsdgfªQTS\uM5^rvs[¢Q £±dhM ^sjhSR ﬁk{SRjh~SR£¶kr Nd]MsS¤uRk`vs{S\[¢d]k`v·uk{v{dhj]k{?^r`k{j]d]MsQ® ek£&S\`S\j
^`vSRa¸d]SRv5[¢`S@SR^r_P^rd]k`v[¢d]_5tbfI_P[]vsFBkrdhM¦[¢Q'_s^dhk{vP[^rvPt^rv5^rf¸[][§M5^`[W5S\SRv·qBSRj] ¡k`jhQ@SŁtªk{v

































    " "ﬂﬁ R«¿U
 
s®
2 43%À ®NÈﬁ^rtbS\j	{vﬃ«&À¦®No¸S\tP^rvsk5«ﬁµ'®¬µm»Łuk`jhj^s«&^`vPt È§®¬µmk`v5[¢k5® µudh{SvPSdg£ﬁk`jh´¸[[]_sqsqBk`j]dT ¡k`j
Q_sd]uR^`[¢de^rqPqsuR^rd]k`vP[\®








¨©v  ﬁﬀﬂ    ﬁﬃ;;;ﬁ R«B``{s®









!"# "ﬁ" ;  ﬁ	 ,ﬁ$ ; %$ ﬃ,ﬂﬁ `«5}sáz{«³U
 
¸®






















!-  $, ﬃ. " "ﬂﬁ 0/ 1  "









^rjh^`vPt³«P^`vPt¾'®BL¿S\vsvsSRMPk`_P[]S`®Nµudh{S%j]S\^rsS%Q'_P±dhu\^`[¢d\®ﬁ¨©v 2  34ﬃ  65

!-






^{udh{S%vsSdg£ﬁk`jh´¸vsTS\v~¸j]k{vsQTSRv~d\®&¨©v 2  3  ﬃ  5	 

 5 
	   	  ﬂ  ﬁ      
",ﬁ ﬀ    ﬁ* ",  ,ﬁ6
    
	« {_sfr{sU`®
2U`U63À ®ºÀª^`QTk{_sj ^rv5t È§® i?M5^rQ® µmv ^`ud]`SR¥7P^{[¢SŁt Q'_sd]uR^{[gd uRk`vs{S\[¢d]k`v ^;`k{tb¥
^`vPuS ^r`k{j]d]MsQ® LS\uMsvsuR^`XS\q5k{j¢d LXmsUR¥©``{s« XnﬁoPp«YM~d]d]q 5    £££%® S\vP[g¥
f`k{vﬃ®  ¡j  
RQTQ^rQ@k{_sj  ;i/^rqBSRj  LX  rLXmsUR¥©`r{b® qP[\® `»`«```~b®
2UŁ43À ®?Àª^rQTk`_sjT^rvPt È§®1i?MP^rQ® µev2^`vP^rfb[¢[k` W^ªjhk`_sd]SRj]¥½P^`[]S\t·k{[h[tsSd]SŁudhk{v2[]SRjh¸uRS ¡k`j
^{udh{S?j]S\^rPS?Q_sd]uR^`[¢d¿qsjhkrdhkbuk`[\®r¨©v 2  3 4ﬃ$ 65 





2U\|ﬃ3È&MPj][gdhk{[Ti/^rq5^`tbk{q5k{_sk~[R«  _sjh_ À ®?i/^rjh_s´^`j\«N^rvPt  SRk{j]{S ?^rjh`MsSŁ[¢S{® µev SRjhj]k{jTuRk`v~d]jhk`
















^``vstbf¸vP^`Q@um¸j¢dh_P^rPqsj]^dhSmvsSdg£ﬁk`jh´b[R®B¨©v2    !ﬀ,ﬂﬁ ,4ﬃ4  / 














2U ﬃ3À ®ﬂﬁ¬^rlgvsu´B« 5®P7_Pj]k~[¢S{«5^rv5tª¾'®³Lk{[]S\f`®§i1^{u´`SRd§k{[h[euk{j]jhSR^dhk{v=vªd]MsS@Q'Bk`vsSQ'_sd]uR^{[gd
vPSdg£ﬁk`jh´B®1¨©v 2  3$ ﬃﬂ'@ﬃ", 





3À ®ﬁ¬^rQ^rQTkrdhkP« 5®@7_Pj]k~[¢S{«;¾®L¿k£m[]SRf`«r^`vPt '®;¨©´`S\tP^s®¸µ2tsSR^;f^`vP^rfb[¢[kr 5[]SRvPtsSRj]¥7vsd]^d]SŁt
^`vPt@j]SŁuS\{SRj]¥7vsd]^d]SŁt%jhSR^`sSNQ_s±dhu\^`[¢d/qsj]k`d]kbuk{[\®b¨©v"2  344ﬃ
	 
	87*) *)9 / ! :"6 



















































B = 5  
B = 8  
B = 10 








    ﬁ
 ,+ ﬁ(' +0' )*,+-ﬁ
LNMPSF[]_sBu\^`[¢d' ^{udgf·MP^`['d]MsS^`ts;^`v~dh^r{S¤kr m_Pvsk~^`tbvsId]MsSFj]SŁuSR`S\jh[^rvPt¦d]MsS^`ud]`S¤jhk`_bdhSRj[R®







7® S`®£MsS\v  [%uk{[]S'dhkP«,d]MsSTv¸_sQ'BSRjk` &jhS\uk{SRjhSŁ[qBSRj] ¡k`jhQ@SŁtª¸fª^rv·^`ud]`Sj]k{_bd]S\j^`j]S`S\j]f
 ¡S\£%®/LNMsSRjhS ¡k{j]SW^jhS\uS\{SRj¬d]MP^rdNtbk¸SŁ[¬vsk`dﬁBSRvPS sdﬁ ¡j]k{Qºd]MsS[¢_PBu\^`[¢d& ^{udgfT[ﬁvsk`dﬁk{SRjh£MsSRQTS\t






















1$`_sjhSTU N5  ^`vvFdhSRjhQ[Nkr ¿dhMsS%k`S\jh^`BdhMsj]k{_s`MPqs_bdm^`uMsSR{S\tc~fF^rv=^`ud]`SWj]S\^rsSQ'_sd]uR^{[gd
qPj]k`d]kbuk{B£MPSRv^rjhf~vsd]MsS^{udh{SWjhk`_sd]SRj[NtbSRv5[¢dgf`®  #    %b«    T^rv5t
'
     s®
  G 










   

















































 S1 : p = 0.05  
 S2 : p = 0.05  
 S1: p = 0.25   
 S2: p = 0.25   
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